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all which comes directly from the hands of the 
Creator may be said...to exceed the power of human 
comprehension....The wonders of creation meet them at every 
turn, without awakening their reflection...."
James Fenimore Cooper 
The Oak Openings, 18 48
INTRODUCTION
Oak (Quercus)-dominated savannas once occurred 
throughout central North America (Nuzzo 1986) although few 
remain today. The decline of this ecosystem is largely due 
to the impact of European settlers who either cleared the 
savanna or altered the environment to the extent that 
savannas have succeeded to forests (Cottam 1949, Grimm 
1981 ) .
The North American savanna is a transitional ecosystem 
between prairie and forest that contains scattered, 
open-growth trees and a grassy understory (Stout 1944, 
Cottam 1949, Dyksterhuis 1957, Curtis 1959, Nuzzo 1986). 
More specifically, Chapman (1988) has defined this savanna 
as an ecosystem with 1) trees greater than 5 m tall whose 
crowns do not interlock, 2) tree canopy cover that averages 
5-30%, 3) a single layer of woody plants above 1.5 m, and 
4) the presence of a graminoid understory. Areas 
considered to be forests differ in that crowns of trees do 
interlock, tree canopy cover averages 30-100%, and they are 
characterized by two layers of woody plants above 1.5 m.
Theories explaining the initial formation of savannas 
include degradation of forest through fire, drought or 
disease (Cottam 1949, Dyksterhius 1957, Anderson and Brown 
1986) and invasion of trees into a grassland (Cottam 1949, 
Nuzzo 1986). Support for both theories is present in the 
literature. Anderson and Brown (1986), for example,
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demonstrate that fire can convert a closed canopy forest 
into savanna by destroying all but the fire-resistant trees 
which, along with grass species, can reproduce under the 
more open canopy. Similarly, Thor and Nichols (1974) 
determined that annual fires resulted in a savanna 
physiognomy. Such recurrent fires, over time, burn 
increasingly further into the forest converting more forest 
to savanna. On the other hand, Kucera (1960) and Bragg and 
Hulbert (1976) have documented the invasion of grassland by 
tree species where occasional fires permit only fire- 
resistant tree species to survive. Particularly relevant 
is that climatic trends in North America over the last 
8,000 years have created conditions that account for the 
occurrence of trees far out into the Great Plains by the 
mid 1800s (Wright 1970). Whether by degradation, invasion, 
natural means or by Native American initiation (Gleason 
1913), fire is likely to have played an important role in 
the establishment of savanna.
Fire was also likely to have been important in 
maintaining established savannas. Henderson and Long 
(1982) note that, in an Indiana black oak (Quercus 
velutina) savanna, freguent fires of low intensity 
prevented substantial fuel accumulation, only occasionally 
killed overstory trees, and kept the understory open. In 
addition to fire, Sarmiento (1984) notes that climate which 
does not favor forest growth, can result in a savanna.
3
Bur oak (Quercus macrocarpa) is the one fire-resistant 
species indigenous to Nebraska that was most likely to have 
provided the characteristic tree canopy of a savanna. This 
species requires open, sunny locations for germination 
(Cottam 1949), has a well-branched root system, and has a 
long tap root to obtain moisture deep in the soil profile. 
These characteristics enable it to invade and persist in 
xeric prairie locations and to compete successfully with 
grasses and shrubs. The branching roots (Appendix Fig. I) 
may, in part, explain the wide spacing of trees encountered 
in savannas (Weaver and Kramer 1932). More importantly, 
thick bark gives this species a considerable degree of 
fire-resistance (Lawson et a l . 1980).
Nuzzo (1986) shows the distribution of presettlement 
savanna to extend to the western edge of Iowa but not 
across the Missouri River into Nebraska (Fig. 1). Two 
personal observations, however, suggested that 
presettlement savanna may have extended at least into 
eastern Nebraska. First, the presence of scattered, large, 
open-growth oaks along the western bluffs of the Missouri 
River, and second, historical references to scattered 
timber. For example, Thwaites (1969) indicates that in 
1804 Lewis and Clark observed that "...the country 
INebraskaJ ...is one continued plain as far as can be 
seen...the plains interspersed with groves of timber."
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similar vegetation in eastern Nebraska. These observations 
were the bases from which the present study was developed. 
The specific objective of this study was to assess the 
liklihood of the occurrence of presettlement savanna in 
eastern Nebraska. Settlement is considered to have begun 
circa 1860 (Paulin 1932).
MATERIALS AND METHODS 
Two sources of data were used in this study: 1) the 1855
General Land Office Survey and 2) field evaluation sites.
General Land Office Surveys 
Qualitative descriptions of the vegetation given in the 
GLO Survey were used both to indicate the presence of 
savanna sites in 1855 and to assist in the select ion of 
field evaluation sites. These Surveys, also referred to as 
Section Line Surveys, were conducted in the study area in 
1855. They resulted in a 1.6 x 1.6 km (1 x 1 mi.) grid 
system established throughout the midwest that accommodated 
legal descriptions of the land. Each square mile area was 
termed a "section" and the boundaries termed "section 
lines". In establishing sections, surveyors marked section 
corners and midpoints between section corners (called 
quarter sections). When present, trees (referred to as 
bearing trees) were used to mark these points, in which 
case the dbh (diameter at breast height), species, and 
distance of trees from section corners or quarter sections 
were recorded (Apppendix Table I); up to four bearing trees
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at each corner section and two trees at each quarter 
section could be recorded. This type of information has 
been used in other studies to describe quantitatively the 
presettlement vegetation but was not used in this study 
because bias in the selection of bearing trees has been 
shown to result in questionable absolute density values 
(Grimm 1981).
In addition to bearing trees, surveyors walking the 
section lines also recorded general vegetative 
characteristics, although vegetation within each section 
was not documented. These general descriptions of the 
survey area were used in this study instead of bearing tree 
data. Information from the historical descriptions include 
the name of tree species and a general description of 
vegetation encountered. Of the various references to 
general vegetation, areas considered to be savanna were 
those described as containing "scattered oaks" or 
"scattered timber." These areas were generally surrounded 
by prairie.
Field Evaluation Sites
Field evaluation sites were selected by using areas that 
were described as savanna in the GLO Surveys or that 
presently contain large trees with an open-growth branching 
pattern. This pattern is assumed to reflect the growth
form typical of trees that matured in a savanna setting. 
Only sections within approximately 20 km of the Missouri 
River floodplain were used since GLO references to trees 
declined substantially to the west. Floodplain forests 
were not considered. Seven sites were identified in this 
manner, all in Burt and Washington Counties in eastern 
Nebraska (Fig. 2).
At each site, from 2 to 6, 50 m x 50 m plots were 
established. The number of plots was dependent on the size 
of the contiguous woodland. All plots were separated by at 
least 50 m except Site C where, because of space 
limitations, plots were adjacent to each other. Within 
each plot, all trees greater than 45 cm dbh were cored with 
an increment sampler to determine age. A 45 cm dbh was 
chosen as a cutoff for coring after an initial sampling of 
266 trees with dbh's greater than 30 cm in which it was 
determined that trees with less than a 47cm dbh were 
established after 1850. This date is ten years prior to 
Paulin's (1932) settlement date of 1860. Dating a tree to 
1850 only meant that it was present at that time, not that 
it was mature. While these presettlement trees may have 
been young in 1850, for this study they are assumed to 
indicate the presence of nearby mature individuals since 
acorns are not usually deposited far from the parent tree 
(Korstian 1927).
In addition to tree age, other data were recorded for
9
Fig. 2. Study area showing field evaluation 
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each tree including species name, distance to the nearest 
tree greater than 30 cm in dbh, and growth form (Appendix 
Table II)* Tree growth form was described as either open 
or closed. Open-growth trees were those with the lowest 
branch within 3 m of the ground since bur oaks have been 
shown to produce numerous low branches when established in 
an open area (Cottam 1949). Trees with the lowest branch 
greater than 3 m from the ground were considered to be 
closed-growth trees, the characteristic growth form in a 
closed canopy forest. Tree location within the plot was 
also mapped (Appendix Fig. II).
For trees with multiple stems, the dbh of the largest 
stem was recorded and that stem cored. Tree age was 
determined using standard dendrochronological techniques 
(Arno & Sneck 1977). Punk hfeartwood was commonly 
encountered when coring many of the larger bur oaks. For 
trees in this condition, the age was estimated using 
similar-sized trees of the same species located within the 
plot. Additional data collected for each plot included 
percent slope and aspect (Appendix Table III).
A site was considered to represent a historical savanna
(1) if it contained trees exhibiting an open-growth form,
(2) if tree age was greater than 137 years old (i.e. if it 
dated to 1850); and (3) if GLO Surveys indicated a grove of 
trees or scattered trees at the site. It was assumed that 
some presettlement savannas might presently be fully wooded
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as a consequence of fire cessation and ecological 
success ion.
RESULTS AND DISCUSSION
Five presettlement oak-savanna areas were identified 
based solely on GLO Survey descriptions (Fig. 3), four of 
which are presently wooded.
Data were collected from 408 trees with a dbh greater 
than 30 cm, of which 324 were bur oaks (Appendix Table IV). 
Of the 274 trees cored, fifteen were more than 137 years 
old (Fig. 4) and thus considered to predate settlement. 
These presettlement trees were located at Sites A, E and G 
(Appendix Table V) of which only sites A and G meet the 
savanna criteria established for this study. Site A 
contained a total of seven presettlement trees in the six 
plots combined, of which five trees were open-growth bur 
oaks. The GLO Survey supports the designation of this site 
as an old savanna as it was described as an "oak grove" 
with surrounding prairie. Today, this is a grazed area of 
rolling hills with a ground cover primarily of smooth brome 
(Bromus inermis) (Appendix Fig. III). Site G is similar 
to Site A, having six presettlement trees, all are large, 
open-growth bur oaks. This site was also described as a 
grove of timber with surrounding prairie in 1855. Although 
only six trees predate settlement, three other large trees 
are in the same plot, although they are hollow and not
13
Fig. 3. Location of all bearing trees 
indicated on the 1855 GLO Survey and of the 
five locations described as savanna 
("scattered oak" or "scattered trees"). 
Letters adjacent to savanna areas are site 
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dateable. Their very low, spreading branches indicate 
that they are also probably presettlement trees. Currently 
Site G is a small section of fenced, rolling land which has 
been grazed. The one plot at Site G which contained all 
the presettlement trees had a shrub understory which 
consisted mostly of dogwood (Cornus sp.) under 3.5 m tall. 
Smooth brome dominates the herbaceous ground layer in the 
hills surrounding this site. Of special interest was the 
presence of bur oak seedlings in this plot. These were not 
found at any other site in either county. It should also 
be noted that other large, open-growth trees occured at 
Sites A and G although they were not inside plots.
Site E contained two trees which were 211 (Appendix Fig. 
IV) and 197 years old. The absence of other old trees at 
this site makes it difficult to discern whether it was 
previously savanna although the 1855 GLO Survey notes a 
grove of trees in this area and records three bur oaks and 
a hickory at a nearby section corner. This site is 
presently heavily wooded and grazed with the understory 
primarily of smooth brome.
Plots at Sites B, C, D and F contained no trees that 
predate settlement although many trees within these plots 
exhibit an open-growth form. These appear to be recent 
woodlands that developed under an open canopy but that do 
not represent presettlement savannas.
Further evidence for savanna is provided in soil surveys
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which show prairie soils occur at all sites denoting that 
presently wooded areas have not existed at the locations 
long enough to develop a forest soil.
CONCLUSION
Information concerning presettlement vegetation is 
noteworthy for conservation and ecology since it gives a 
baseline against which to compare human-induced changes in 
today's landscapes. Complications ensue when it is assumed 
that the presettlement "norm" was natural and undisturbed 
by humans. In particular, it has been established that the 
use of fire by Indians had a major influence on the 
structure of vegetation for hundreds of years prior to 
settlement (Gleason 1913). Despite this argument, an 
assessment of the effects of European settlement is of 
importance.
This study, incorporating a consideration of existing 
tree growth form, tree age, and GLO Survey descriptions, 
supports the hypothesis that presettlement oak savanna 
extended into eastern Nebraska.
19
LITERATURE CITED
Anderson, R.C. and L.E. Brown. 1986. Stability and 
instability in plant communities following fire.
American Journal of Botany 73(3 ):364-368 .
Arno, S.F. and K.M. Sneck. 1977. A method for
determining fire history in coniferous forests of the 
mountain west. USDA Forest Service General Technical 
Report. INT-42, 28 p. Intermountain Forest and Range
Experiment Station, Ogden, Utah 84401.
Bragg, T.B. and L.C. Hulbert. 1976. Woody plant invasion 
of unburned Kansas bluestem prairie. Journal of Range 
Management 29(l):19-24.
Chapman, K.A. 1988. Crosswalk calssification of
terrestrial and palustrine natural community types used 
by state natural heritage programs in the midwest. 
Unpublished report. 136 p. The Nature Conservancy, 
Minneapolis, Minnesota.
Cottam, G. 1949. The phytosociology of an oak woods 
in southwestern Wisconsin. Ecology 30(3 ): 271-287.
Curtis, J.C. 1959. The Vegetation of Wisconsin.
The University of Wisconsin Press, p. 325-339.
Dyksterhuis, E.J. 1957. The savanna concept and its use. 
Ecology 38 (3 ) : 435-442 .
Gleason, H.A. 1913. The relation of forest
distribution and prairie fires in the middle west.
Torreya 13(8 ) :173-181.
Grimm, E.C. 1981. An ecological and paleological study 
of the vegetation in the Big Woods region of Minnesota. 
Thesis. University of Minnesota.
Henderson, N.R. and J.N. Long. 1984. A comparison of 
stand structure and fire history in two black oak 
woodlands in northwestern Indiana. Botanical Gasette 
145 (2 ) : 222-228 .
Holch , A . E . 1931. Development of roots and shoots of
certain deciduous tree seedlings in different forest 
sites. Ecology, 12(2):274-283.
Korstian, C.F. 1927. Factors controlling germination 
and early survival in oaks. Yale University School of 
Forestry Bulletin No. 19.
20
Kucera, C.L. 1960. Forest encroachment in native prairie. 
Iowa State Journal of Science 34(4):635-639.
Lawson, M.P., R. Heim, Jr., J.A. Mangimeli and G. Moles. 
1980. Dendroclimatic analysis of bur oak in eastern 
Nebraska. Tree Ring Bulletin 40:1-11.
Nuzzo, V.A. 1986. Extent and status of midwest oak
savanna: presettlement and 1985. Natural Areas Journal 
6(2):6-36.
Paulin, C.O. 1932 Atlas of Historical Geography of the 
United States. Carnegie Institute of Washington and the 
American Geographic Society of New York, plates 64-77.
Sarmiento, G. 1984. The Ecology of Neotropical Savannas. 
Harvard University Press. Cambridge, Massachusetts.
230 p .
Stout, A.B. 1944. The bur oak openings in southern 
Wisconsin. Transactions of the Wisconsin Academy of 
Sciences, Arts and Letters 36:141-161.
Thor, E. and G.M. Nichols. 1974. Some effects of fires on 
litter, soil and hardwood regeneration. Proc. 13th 
Annual Tall Timbers Fire Ecology Conference 
p. 317-329.
Thwaites, R.G. 1969. Original Journal of Lewis and Clark. 
Arno Press, New York 1:7-95.
Weaver, J. E. and J. Kramer. 1932. Root system of 
Quercus macrocarpa in relation to the invasion of 
prairie. Botanical Gazette 94(1):51—85.
Wright, H.E. Jr. 1970. Vegetational history of the
central plains. Pages 157-221 in Pleistocene and Recent 
Environments of the Central Great Plains. Department of 
Geology, University of Kansas Special Publication 3. 




APPENDIX TABLE I. Total numbers of tree species indicated 
















APPENDIX TABLE II. Individual tree data. G = growth form (0 = 
open, C = closed): NN = nearest neighbor greater than 30 cm
dbh: Slope = position on slope (U = upslope, D = downslope):
Q.mac. = Ouercus macrocarpa: T.am. = Tilia americana: U.am. =
Ulmus americana: Ulmus = Ulmus sp. J.nig. = Juqlans nigra:
C.occ. = Celtis occidentalis: M.rub. = Morus rubra: F.penn. =
Fraxinus pennsylvanica: G.dio. = Gymnocladus dioicus: Carya =
Carva spp. Values in parentheses = age is estimated (core not 










A 1 1 Q.mac. 78 . 2 149 + 0 14.5 u
A 1 2 Q.mac. 62.0 116 + O 6.4 u
A 1 3 0 .mac. 53.1 121 + 0 6.4 u
A 1 4 Q.mac. 61. 3 (1151 0 14.5 u
A 1 5 O.mac. 101.3 1497 0 14.6 u
A 1 6 Q.mac. 55.6 8 4 0 8.4 u
A 1 7 Q.mac. 48 . 2 122 + 0 8.4 u
A 2 8 Q.mac. 84.0 2117z 0 9.5 u
A 2 9 Q .m a c . 55.8 103 + o 10.9 D
A 2 10 G.dio. 55.0 6 7 0 13.4 D
A 2 11 stump - - - 9.5 D
A 2 12 G.dio. 75.0 54 + c 12.4 D
A 2 13 G.dio. 57.0 102 + c 12.2 D
A 3 14 Q.mac. 67.5 117 + o 8 . 1 U
A 3 15 Q.mac. 55 . 9 123 o 7.8 D
A 3 16 Q.mac. 62.3 109 + o 7.8 D
A 3 17 0 .mac. 46 . 2 124 o 2.5 D
A 3 18 Q.mac. 35.5 107 + 0 2.5 D
A 3 19 Q.mac. 45 .1 99 + 0 4.4 D
A 3 20 s t ump - - - 5.0 D
A 3 21 stump - - - 4.4 D
A 3 22 Q.mac. 68.8 110 o 8.1 U
A 3 23 stump — — — 6 .8 D
A 4 24 F .penn. 38.9 49++ 0 4.5 U
A 4 25 Q.mac. 73.2 129 0 11.1 U
A 4 26 0 .mac. 80.9 135++ 0 4.7 D
A 4 27 Q.mac. 69.9 129 0 5.5 D
A 4 28 C .occ. 34.5 39 0 14.1 D
A 4 29 U . a m . 34.3 40 0 8 . 2 D
A 4 30 T . am. 37.0 43 + c 2 . 1 D
A 4 31 C .oc c . 31.6 35++ c 2.1 D
A 4 32 C .occ. 30.0 31 0 5.3 D
A 4 33 C .o c c . 30 . 2 44 0 10 .1 D
A 4 34 C .occ. 36.2 41 0 8.6 D
A 4 35 C .o c c . 40.3 45++ c 8.6 D
A 4 36 Q.mac. 94.5 14 7 0 8 .1 U
A 4 37 Q.mac. 69.5 117 + + 0 11.7 U
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APPENDIX TABLE II. Ind iv idual tree data (continued) •
Site Plot Tree 
N o . N o .





A 4 38 0 .mac. 72. 2 118++ O 11.7 U
A 4 39 Q.mac . 57.5 97++ 0 2.9 ,U
A 4 40 0 .mac. 5 0.5 113 + O 2 . 9 U
A 4 41 C .o c c . 34 . 0 36 + 0 5.7 U
A 4 42 stump - - - 4.7 D
A 4 43 stump — — — 8.1 U
A 5 44 0 .mac. 50.1 9 91 0 6 . 5 U
A 5 45 Q.mac . 48.2 110++ 0 3.5 U
A 5 46 Q.mac. 6 5.6 100 o 5.5 U
A 5 47 0 .mac . 54 . 3 1 37 + + 0 6 . 2 D
A 5 48 0 .mac. 55.1 99 c 5 . 1 D
A 5 49 Q.mac. 49.0 99 0 4.8 D
A 5 50 Q.mac. 36 . 9 91 c 5 . 1 D
A 5 51 Q .m a c . 35.0 101 c 7.4 D
A 5 52 Q.mac. 74 . 5 142 + c 9.6 U
A 5 53 T . a m . 58.5 142 0 7.7 D
A 5 54 0 .mac. 34.9 102 0 18.5 D
A 5 55 0 .mac. 61.1 10 2++ c 6.8 D
A 5 56 T . a m . 80.6 82++ o 6 . 8 D
A 5 57 Q .m a c . 85 . 8 117 o 6.5 U
A 5 58 Q.mac. 44 .8 117 0 17.4 U
A 5 59 Q.mac. 36 . 8 117 + o 3.5 D
A 5 60 T . a m . 63.9 (100) 0 10.9 D
A 5 61 s tump — — — 4.8 D
A 6 62 0 .mac. 67.9 122 + 0 3 . 5 U
A 6 63 0 .mac. 52.9 118 0 3 . 5 U
A 6 64 Q.mac. 60. 0 113 + o 7.0 U
A 6 65 Q . m a c . 56 . 5 ,119 0 6.2 U
A 6 66 0 .mac. 41. 1 92 + 0 6.2 U
A 6 67 0 .mac. 66.8 155 + 0 8 . 1 D
A 6 68 Q.mac. 41.5 113 0 4.6 D
A 6 69 C .o c c . 30.1 42 c 5.8 D
A 6 70 Q.mac. 58 . 2 (130) 0 5.8 D
A 6 71 Q.mac. 42.0 113 + 0 4.6 D
A 6 72 Q.mac. 54.4 115 + 0 11.6 D
A 6 73 Q.mac. 40.9 98 c 12.1 D
A 6 74 Q .m a c . 92.6 88 c 12.1 D
A 6 75 Ulmus 32.9 52 + c 16 . 2 D
A 6 76 Q .m a c . 63.9 (117) 0 9 . 8 U
A 6 77 0 .mac. 63 . 9 117 0 8. 2 U
A 6 78 0 .mac. 60.5 10 3++ 0 8.2 D
A 6 79 s tump - - - 10.1 U
A 6 80 stump - - - 5.5 U
A 6 81 stump - - - 5.5 U
A 6 82 stump - - — 10 .1 U
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APPENDIX TABLE II. Individual tree data (continued).











B 1 83 Q.mac. 96.5 129" 0 1 . 9 U
B 1 84 Q.mac. 48.3 104 0 1 . 9 U
B 1 85 Q.mac. 52.4 95++ C 3.4 U
B 1 86 0 .mac. 43.5 78++ O 3 . 3 U
B 1 87 Q.mac. 41 .5 81 + O 3.3 U
B 1 88 Q.mac. 41 . 5 99 + 0 6.0 U
B 1 89 Q.mac. 54. 6 101 + 0 4.0 U
B 1 90 0 .mac. 62.0 114 « o 16.2 D
B 1 91 J .nig. 89.8 114 0 6.4 U
B 1 92 Q . m a c . 46.2 10 5++ o 6.4 U
B 2 93 Q.mac. 62.0 125 o 6.0 U
B 2 94 Q .m a c . 53.1 110* + o 5 . 0 u
B 2 95 Q .m a c . 89.0 122^ o 3.0 u
B 2 96 Q.mac. 67.7 98 o 3.0 u
B 2 97 Q.mac. 57.7 108++ 0 7.9 u
B 2 98 J . n ig. 65.5 114++ o 6 . 1 u
B 2 99 Q.mac. 69.8 111++ o 9.8 u
B 2 100 Q.mac . 67.5 10 5++ o 2 . 9 D
B 2 101 Q.mac. 54.4 112 + + o 2.9 D
B 2 102 Q.mac . 82.3 117++ 0 12.5 D
C 1 103 Q .m a c . 68.0 (100) 0 4.6 U
C 1 104 Q.mac. 84.5 108 + 0 4.6 U
c 1 105 Q .m a c . 7 7.5 135 + 0 6.7 u
c 1 106 J .nig. 52.2 92 + c 23.9 u
c 2 107 Q.mac. 75.5 10 2++ o 1 . 5 u
c 2 108 0 .mac. 51.7 102 + 0 1.5 u
c 2 109 Q.mac . 53.2 115++ 0 3.5 u
c 2 110 Q.mac. 51.4 92++ 0 2.9 D
c 2 111 0 .mac. 58 .1 114 + o 2.9 D
c 2 112 0 .mac. 41.5 95 0 4.2 U
c 2 113 0 .mac. 61.8 104++ o 4.2 D
c 2 114 C .o cc. 38.5 45 c 5.4 D
c 2 115 Q.mac. 37.5 105 0 2.1 D
c 3 116 Q.mac. 30.0 28 o 12.1 U
c 3 117 J .n i g . 33 . 2 37 o 4.2 U
c 3 118 M .r u b . 35.1 48++ o 1.8 U
D 1 119 Q.mac. 3U.3 c 1.9 U
D 1 120 Q . m a c . 43.2 111 + c 1.9 U
D 1 121 Q.mac. 35.0 c 1.3 U
D 1 122 Q . m a c . 35 . 5 c 4.5 U
D 1 123 Q.mac. 37.5 c 4.5 U
D 1 124 Q . m a c . 36.2 c 2.3 U
D 1 125 Q.mac. 36.2 c 3.7 U
D 1 126 Q . m a c . 42.4 110 c 4.4 D
D 1 127 Q.mac. 39.0 c 1.0 D
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Spec ies DBH 
( cm)
Age G NN 
(m)
Slope
D 1 128 0.m a c . 3 1 . 2 C 1 . 0 D
D 1 1 29 Q.mac. 32 . 5 1 02  + C 6 . 1 D
D 1 1 30 Q.mac. 3 0 . 0 c 0 . 8 D
D 1 131 Q.mac. 3 0 . 8 c 0 . 8 D
D 1 132 0 .mac. 3 4 . 0 c 1 . 3 D
D 1 1 33 Q. mac. 3 0 . 4 c 8 . 4 D
D 1 134 Q .m a c . 3 8 . 6 67 c 5 . 3 D
D 1 135 Q. mac. 3 8 . 5 c 2 . 0 D
D 1 136 Q .m a c . 3 9 . 4 9 1 + + c 2 . 0 D
D 1 1 3 7 Q .mac . 33 . 0 c 1 . 8 U
D 1 138 0 .mac. 3 9 . 2 c 2 . 9 U
D 1 1 39 Q . m a c . 3 6 . 0 c 2 . 9 U
D 1 140 0.m a c . 3 0 . 5 1 c 3 . 8 UD 1 141 Q . m a c . 4 1 . 7 74 c 1 . 8 U
D 2 1 42 Q.mac. 38 . 2 0 9 . 1 D
D 2 143 Q.mac. 4 5 . 0 0 4 . 0 D
D 2 144 Q.mac. 3 4 . 2 0 4 . 0 D
D 2 1 4 5 Q .m a c . 3 8 . 3 o 5 .  1 D
D 2 146 Q.mac. 3 3 . 0 o 3 . 5 D
D 2 1 47 Q .m a c . 39 . 5 0 3 . 5 D
D 2 148 Q .m a c . 3 2 . 2 o 2 . 0 D
D 2 149 Q .m a c . 3 4 . 3 0 2 . 0 D
D 2 150 Q .m a c . 32 . 2 87 c 5 . 0 D
D 2 151 Q.mac. 4 1 . 2 0 5 . 2 D
D 2 152 Q.mac. 3 5 . 0 0 5 . 5 D
D 2 153 Q .m a c . 50 . 2 125 o 5 . 5 U
D 2 154 Q .m a c . 44 . 1 0 2 . 6 U
D 2 1 5 5 Q . mac. 30 . 2 1 0 2  + 0 2 . 6 U
D 2 156 Q .m a c . 5 1 .  2 1 0 8 + + 0 3 . 2 U
D 2 157 Q . m a c . 3 1 . 3 o 7 . 1 U
D 2 158 Q .m a c . 3 5 . 2 o 4 . 3 U
D 2 1 59 Q.mac. 3 9 . 9 0 1 .  7 U
D 2 1 60 Q.mac. 4 4 . 3 0 1 .  7 U
E 1 161 Q .m a c . 7 2 . 2 2 1 1 " o 1 . 1 U
E 1 1 6 2 Q .m a c . 49 . 2 9 5 + + o 1 . 1 U
E 1 1 63 Q.mac. 3 9 . 5 c 5 . 2 U
E 1 164 Q . m a c . 34 . 2 0 3 . 7 U
E 1 165 Q .m a c . 3 9 . 8 o 5 . 2 U
E 1 1 66 Q . m a c . 38 . 8 c 5 . 2 U
E 1 1 6 7 Q .m a c . 4 0 .  2 0 4 . 6 U
E 1 168 Q .mac. 3 5 . 6 0 4 . 6 U
E 1 1 69 Q.mac. 4 8 . 0 1 0 4  + o 5 . 9 D
E 1 1 70 Q .m a c . 4 3 . 2 c 5 . 9 D
E 1 171 Q .m a c . 3 5 . 8 c 5 . 9 D
E 1 1 7 2 Q . mac. 44 . 3 c 5 . 9 D
E 1 173 Q.mac. 4 5 . 0 97 + c 5 . 1 D
E 1 174 Q.mac. 3 3 . 8 c 1 .  8 D











E 1 175 Q.mac. 38.8 C 1 . 8 D
E 1 176 Q.mac. 45.5 113 + C 4.8 D
E 1 177 Q.mac. 33.5 C 3.9 D
E 1 178 Q.mac. 36.5 C 3.9 D
E 1 179 Q.mac. 52.3 104 + O 6.3 D
E 1 180 Q.mac. 42.0 O 8.5 D
E 1 181 Q.mac. 33.5 C 5 . 5 U
E 1 182 Q.mac. 31. 5 96 C 2.3 U
E 1 183 Q.mac. 36.4 o 2.3 U
E 1 184 Q.mac. 39.5 c 5.8 D
E 1 185 Q.mac. 31.5 0 4 . 7 D
E 1 186 Q .m a c . 33.8 c 5.1 D
E 2 187 Q.mac. 44.2 c 14.9 U
E 2 188 Q.mac. 42.2 c 6 . 0 U
E 2 189 Q.mac. 38. 2 c 2.8 U
E 2 190 Q.mac. 53.4 111 c 1.3 U
E 2 191 Q.mac. 33.0 c 1.3 U
E 2 192 Q.mac. 38.5 c 2 . 7 U
E 2 193 Q.mac. 40.5 c 2.7 U
E 2 194 Q.mac. 43.8 c 12.0 D
E 2 195 Q.mac. 42.0 c 1.9 U
E 2 196 Q.mac. 30.8 81 + c 1.9 U
E 2 197 Q.mac. 42.3 c 3.1 U
E 2 198 Q.mac• 31.2 c 4.8 D
E 2 199 C .occ. 42.5 83 0 4.9 D
E 2 200 Q.mac. 34.8 c 7.5 D
E 2 201 Carya 32.5 113 c 5.2 D
E 2 202 Q.mac. 36.0 c 0.9 D
E 2 203 Q.mac. 46.8 7 7 c 0.9 D
E 2 204 Q.mac. 31.8 c 4.7 D
E 2 205 Q.mac. 32.9 c 4.7 D
E 2 206 Q.mac. 34. 3 i c 1.0 DE 2 207 Q.mac. 30.8 3 2 c 1.0 D
E 2 208 Q.mac. 35.0 c 4.9 D
E 2 209 Q.mac. 41.3 c 7.3 D
E 2 210 Q.mac. 46.5 117 c 6.9 D
E 2 211 Q.mac. 32.0 c 3.5 U
E 2 212 Q.mac. 33.6 c 3.5 U
E 2 213 Q .mac. 40.2 c 7.4 U
E 2 214 Q.mac. 49.0 1 97 c 11,0 T_T
E 2 215 Q.mac. 38.2 o 6.8 U
E 2 216 Q.mac. 41.0 c 2.9 U
E 2 217 Q .m a c . 51.9 50 c 2.9 U
E 3 218 Q .m a c . 70.0 117 0 0.9 D
E 3 219 Q.mac. 48.5 117 o 0.9 D
E 3 220 Q .mac. 40.8 o 1 .1 D
E 3 221 Q .m a c . 38.5 o 1.4 D
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APPENDIX TABLE II. Individual tree data (continued).









E 3 222 C .o c c . 47.0 64 0 6.4 D
E 3 223 Q . mac. 54.9 116 + 0 4.3 D
E 3 224 Q.mac. 40.2 C 4.3 D
E 3 225 Q .m a c . 31.8 C 5.0 D
E 3 226 Q.mac. 32.4 0 3.0 D
E 3 227 Q.mac. 34.4 C 3.0 D
E 3 228 Q.mac. 36.6 C 0.8 D
E 3 229 Q .mac. 31.8 C 0.8 D
E 3 230 C .occ. 30.0 45 C 7.0 U
E 3 231 Q .m a c . 38.9 0 7.0 U
E 3 232 Q.mac. 31.3 107 + 0 3.4 U
E 3 233 Ulmus 42.2 77 0 1.4 U
E 3 234 Q.mac. 36.0 C 0.7 U
E 3 235 Q . m a c . 39 . 3 88 + C 0.7 U
E 3 236 Q.mac. 32.8 0 9.8 U
E 3 237 Q.mac. 36 . 5 0 2.0 U
E 3 238 J .nig. 36.2 42 + 0 2.0 U
E 3 239 Ulmus 36.0 43 0 5.8 u
E 3 240 Q.mac. 34.5 C 7.9 u
E 3 241 M .r u b . 40.8 52 0 12.2 D
E 3 242 C .o cc. 36.1 40 + C 5.8 U
E 3 243 Ulmus 38.4 67 + 0 5.8 u
E 3 244 Q.mac. 47.2 102 + o 2.2 u
E 3 245 Q.mac. 34.6 c 2.2 u
E 3 246 Q.mac. 32.4 o 2.5 D
E 3 247 Q .mac. 31.4 125 + o 4 . 8 D
E 3 248 J .nig. 33.5 49 + + c 5.5 U
E 3 249 Q .mac. 35.4 c 6.6 U
F 1 250 Q .mac. 54 . 2 93 + o 3.2 U
F 1 251 Q .m a c . 51.4 91 0 3 . 2 U
F 1 252 Q. mac. 43.5 93 + o 6.5 U
F 1 253 Q.mac. 36.0 90 c 4 . 1 U
F 1 254 Q.mac. 42.9 7 2 o 0.9 U
F 1 255 Q.mac. 31.1 91 + 0 0.9 U
F 1 256 Q .m a c . 50 . 6 97++ c 1 .7 U
F 1 257 Q .m a c . 44.3 86 + o 8 . 0 u
F 1 258 Q.mac. 31.5 56 o 9.3 u
F 1 259 Q .m a c . 3 3.9 91 + c 1.4 u
F 1 260 Q .mac. 30.2 95 + 0 1.4 u
F 1 261 Q.mac. 30.7 91 + 0 4.9 u
F 1 262 Q .mac. 36.2 82 0 0.8 u
F 1 263 Q .mac. 31.3 94 0 0.8 u
F 1 264 Q .mac. 33.3 86 c 7.4 u
F 1 265 Q .mac. 43.0 104 + 0 6.0 u
F 1 266 Q .mac. 33.8 88 c 16.0 u
F 1 267 Q .mac. 36.9 87 + c 6.5 u
F 1 268 Q .mac. 43.6 63 o 6 . 5 u
F 1 269 Q .mac. 34.4 85 + o 3.4 u
F 1 270 C .o c c . 33.8 51 + c 12.1 u
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Spec ies DBH 
(cm)
Age G NN 
(m)
Slo]
F 2 271 Q.mac. 30.4 97 0 2.7 u
F 2 272 T . a m . 32.9 97 C 2.7 u
F 2 273 T . am. 41.1 76++ 0 3.8 u
F 2 274 T . a m . 34.8 (100) C 4.1 u
F 2 275 0 .m a c . 35.8 95 0 4.1 u
F 2 276 Q .mac. 32.8 98++ 0 3.0 u
F 2 277 Q .m a c . 40.6 90 + 0 4.6 u
F 2 278 J .ni g . 37.7 59 + o 2.8 u
F 2 279 T . am. 44.7 77 + c 2.8 u
F 2 280 T . a m . 48.8 86++ 0 1.2 u
F 2 281 T . am. 35.8 91 o 1. 2 u
F 2 282 T . am. 47.0 87 + 0 7.9 u
F 2 283 Q .mac. 36.5 74 0 4.7 u
F 2 284 Q.mac. 42.5 94 0 2.6 u
F 2 285 Q .m a c . 59.3 39 j 0 2.6 u
F 2 286 Q .m a c . 57.3 7 9 0 5 . 3 u
F 2 287 Q .mac. 30.2 53 c 5.6 u
F 2 288 C .o c c . 37.1 70 + c 11.3 u
F 2 289 Carya. 30.2 63 0 13.9 u
F 2 290 Q .mac. 31 .1 84 0 u
F 2 291 Q .m a c . 35.5 73 + 0 u
F 3 292 Q .m a c . 54.5 110++ 0 3.1 u
F 3 293 Q .mac. 46.0 4 2 o 3.1 u
F 3 294 Q .m a c . 38.5 104 o 6.7 u
F 3 295 Ulmus 49.5 89 + 0 4.5 u
F 3 296 Q .mac. 35.6 4 0 c 3.8 u
F 3 297 Ulmus. 49.5 83++ 0 3.8 u
F 3 298 Q .mac. 43.0 101 + 0 3.8 D
F 3 299 Q .mac. 48 .9 (120) 0 4.7 u
F 3 300 T . a m . 41.4 99++ 0 4.7 D
F 3 301 T . am. 45 .5 52^ 0 7.2 u
F 3 302 Q .mac. 38.4 7 2 c 2 . 5 u
F 3 303 T . am. 52.0 (100) o 2.5 u
F 3 304 J . n ig . 43.0 (65 ) o 5.5 u
F 3 305 Ulmus 39.0 (100) c 7.7 u
F 3 306 Ulmus 43.0 117 c 5.5 D
F 3 307 T . a m . 60.5 0 9.3 D
F 3 308 T . a m . 39.5 (95) 0 5.0 D
F 3 309 Ulmus 52.3 9 2 0 5.0 D
F 3 310 J * ni g . 55.8 o 9.5 D
F 3 311 Q .m a c . 66.0 127 + 0 1.7 D
F 3 312 Ulmus 44.5 85 0 1.7 D
F 3 313 s tump - - - 2.3 D
F 3 314 T . a m . 48 . 1 108 + 0 2.5 D
F 3 315 C .oc c . 45.0 91 + o 8.2 D
F 3 316 T . am. 55.0 c 8 . 2 D
F 3 317 stump - - - 2.5 D
F 3 318 Q . m a c . 69.5 116 + 0 1. 4 D
F 3 319 T . a m . 60.0 c 1.4 D
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Spec ies DBH 
( cm)
Age G NN 
(m)
Slope
F 3 320 Q.mac. 40.0 110 + 0 3.4 D
F 3 321 Ulmus 35.5 117++ O 5.2 D
F 3 322 Ulmus 50.0 112 + 0 4.9 DF 3 324 Q.mac. 32.8 97 + c 7.5 D
F 3 325 0 .mac. 32.5 98 + c 3.8 D
F 3 326 Ulmus 32.5 99 0 4 . 9 D
F 3 327 Q.mac. 42.0 110 + 0 6.9 U
F 3 328 Ulmus 39.5 79 0 6.9 U
F 4 329 Q.mac. 57.0 88 + 0 6.3 U
F 4 330 Q.mac. 30.9 85 + 0 1.2 U
F 4 331 Q.mac. 31.7 88 0 1 . 2 U
F 4 332 Q.mac. 35.5 0 1.2 U
F 4 333 Q.mac. 38.3 86 0 1. 2 U
F 4 334 Q.mac. 39.8 89 0 1 . 7 U
F 4 335 Q.mac. 53.1 88 + 0 1.7 U
F 4 336 Q .m a c . 35.0 89 0 3.1 U
F 4 337 Q.mac. 50.0 110 + 0 4.9 U
F 4 338 Q.mac. 43.5 88 0 3.5 D
F 4 339 Q.mac. 36.8 99 o 3.3 D
F 4 340 Q.mac. 42.0 o 3.3 D
F 4 341 Q.mac. 31.3 98 + + c 3.7 D
F 4 342 Q.mac. 48.4 91 + 0 3.7 D
F 4 343 Q.mac. 31.0 84 + 0 3.8 U
F 4 344 Q.mac. 59.6 104 + 0 3.8 U
F 4 345 Q.mac. 32.3 86 o 2.7 U
F 4 346 Q . mac. 40.2 8 9++ 0 2.2 U
F 4 347 Q.mac. 63.0 116 + c 2.7 U
F 4 348 Q.mac. 32.5 86 0 3 . 3 D
F 4 349 Q.mac. 33.4 c 0.5 D
F 4 350 Q .m a c . 44 . 5 99 0 0.5 D
F 4 351 Q.mac. 40.8 103 + c 2.0 D
F 4 352 Q .m a c . 36.5 89 + c 2.0 D
F 4 353 Q.mac. 35.5 90 0 1.2 D
F 4 354 Q.mac. 36.9 77 + 0 1.2 D
F 4 355 Q.mac. 36.3 115 + 0 3.8 D
F 4 356 Q.mac. 36.1 102 o 5.0 D
F 4 357 Q .m a c . 35.9 105 o 3.8 D
F 4 3 58 Q . mac. 31.0 96 + 0 8 . 9 D
F 4 359 Q.mac. 34.2 91 0 8.9 D
F 4 360 Q.mac. 33.0 91 c 7.2 D
F 4 361 Q.mac. 35.3 90 0 6 .4 D
F 4 362 Q . m a c . 36.0 o 5.0 D
F 4 363 stump - - - 2.2 U
G 1 364 Q.mac. 42.8 O 1.8 U
G 1 365 Q . mac. 44.1 O 1.8 U
G 1 366 Q.mac. 52.2 106 + 0 2.8 U
G 1 367 Q .m a c . 49.5 107 0 8.2 U










G 1 368 Q .m a c . 49.6 107 O 6.3 U
G 1 369 0•m a c . 48.4 107 C 3.1 U
G 1 370 Q .m a c . 51.5 10 0++ 0 3.1 u
G 1 371 Q.mac. 54 . 1 108 + O 2.5 U
G 1 372 0 .mac. 43.0 47 C 2.5 U
G 1 373 Q.mac. 40.7 98 + C 3 . 8 U
G 1 374 Q.mac. 49.0 108++ O 4.7 U
G 1 375 Q.mac. 43.4 C 3 . 8 U
G 1 376 Q.mac. 31.6 90 O 3.3 U
G 1 377 Q.mac. 40.2 107 O 3 . 3 U
G 1 378 0.m a c . 37.4 101 O 3.5 U
G 1 379 Q .m a c . 46.0 102 + O 3.5 U
G 1 380 Q .m a c . 38.5 O 3.6 U
G 1 381 Q.mac. 38.3 O 3 . 6 U
G 1 382 Q.mac. 42.6 C 2.3 D
G 1 383 Q.mac. 33.6 4 7 O 2.3 U
G 1 384 Q.mac. 47.2 94++ O 3.7 U
G 1 385 Q.mac. 54.5 108 o 3.9 U
G 1 386 Q.mac. 63.6 100++ o 8.1 D
G 1 387 Q.mac. 84.0 112 + o 8.1 D
G 1 388 T . am. 62.5 H c 3.0 D
G 1 389 T . a m . 59.1 H c 3.0 D
G 1 390 Ulmus 33.1 38++ 0 4.7 D
G 1 391 Q.mac. 44.0 90 + o 6.1 D
G 1 392 Q.mac. 40.8 c 3.7 D
G 1 393 Q .m a c . 52.5 10 6++ c 3.7 U
G 1 394 Q.mac. 51.6 H o 8.3 U
G 2 395 Q.mac. 60.8 151 + o 12. 1 U
G 2 396 Q.mac. 80.2 102 + 0 6.7 U
G 2 397 Q.mac. 57.5 108^ 0 6.7 U
G 2 398 Q.mac. 47.0 89 0 5.4 U
G 2 399 Q.mac. 57.8 193 + o 5.3 D
G 2 400 Q.mac. 58.4 127 o 5.1 D
G 2 401 Q.mac. 47.2 137 + o 3.0 D
G 2 402 Q.mac. 51. 7 140 o 3.0 D
G 2 403 Q.mac. 70.8 H 1 o 10.9 DG 2 404 Q.mac. 59.8 54i o 5 . 0 UG 2 405 Q.mac. 64. 9 13 7 0 5.0 D
G 2 406 Q.mac. 57.0 H 0 8.5 D
G 2 407 Q.mac. 57.5 H 1 0 8.5 UG 2 408 Q.mac. 73. 2 18 2 0 7.2 U
5 years added to age - center of tree not encountered.
10 years added to age - center of tree not encountered, 
core obtained but punk wood encountered - age given is 
age of core (tree is assumed older due to punk wood). 
tree too large to obtain entire core (tree assumed older).
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APPENDIX TABLE III. Site Data. Township/Ranges are East of the 
6th Principal Meridian.











A 1 Washing ton 30,31 T17N,R13E 4 300°f \A 2 I I I I I I 20 280
A 3 I I I I I I 12 280°
A 4 I I I I I I 10-15 280°
A 5 I I I I I I 10 255°
A 6 I I I I I I 2-20 285°
B 1 Washington 31 T18N,R12E 10 _ . ro 345
B 2 I I I 15 295°
C 1 Washington 9 T17N,R12E 15 305°
C 2 I I I 20 310°
C 3 I I I 25 310°
D 1 Burt 24 T 2 2 N ,R10E 25 185°
D 2 I I I 0-30 165°
E 1 Burt 1,2 T22N,R10E 0-5 105°
E 2 I I I 0-5 120°
E 3 I I I 10-30 325°
E 4 I I I 0-30 315°
F 1 Washing ton 7 T 1 9 N ,R1IE 30 60°
F 2 I 12 T 1 9 N ,R10E 10-20 75°
F 3 I 7 T 1 9 N ,R1IE 10 165°
G 1
G 2
BurtI 26I T23N ,R1OE 30 70°10-20 235
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APPENDIX TABLE IV. Total numbers and percent of tree species 
located at each site. Values inside parentheses indicate 
number of plots per site.


















Bur Oak 79 53 18 12 42 78 79 82 324
Linden 5 4 0 0 0 0 15 2 21
Hackberry 4 8 0 1 0 4 3 0 16
Elm 4 2 0 0 0 3 10 1 16
Black Walnut 2 0 2 2 0 2 3 0 9
Kentucky
Coffee Tree
<1 3 0 0 0 0 0 0 3
Hickory <1 0 0 0 0 0 1 1 2
Mulberry <1 0 0 1 0 1 0 0 2
Green Ash <1 1 0 0 0 0 0 0 1
Stump 3 11 0 0 0 0 3 0 14




14 10 5 14 30 29 23
Percent Trees 
with Open-Growth
70 95 88 43 36 76 80
APPENDIX TABLE V. Presettlement trees. G = growth form (O 
= open, C = closed: Slope = position on slope (U = upslope






Spec ies DBH 
( cm)
Age G Slope
A 1 1 Q .m a c . 78.2 149 + O U
A 1 5 Q .m a c . 101. 3 2149 O U
A 4 36 Q.mac. 94.5 1 4 71 0 U
A 5 47 Q .m a c . 54. 3 137++ O D
A 5 52 Q.mac. 74 . 5 142 + C U
A 5 53 T. am. 58.5 142 0 D
A 6 67 Q.mac. 66.8 155 + O D
E 1 161 Q.mac. 72.2 2211 o U
E 2 214 Q.mac. 49.0 197 c U
G 2 395 Q .m a c . 60.8 151 + o U
G 2 399 Q.mac. 57.8 193 + o D
G 2 401 Q .m a c . 47. 2 137 + o D
G 2 402 Q.mac. 51.7 140 o D
G 2 405 Q .mac. 64 . 9 13 71 o D
G 2 408 Q .mac. 73.2 18 21 0 U
+ 5 years added to age - center of tree not encountered.
+J 10 years added to age - center of tree not encountered, 
core obtained but punk wood encountered - age given is 
2 age of core (tree is assumed older due to punk wood)
tree too large to obtain entire core (tree assumed older)
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Appendix Fig. II. Distribution and distance 
between trees at Site A, Plot 4. A similar 
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Appendix Fig. III. Site A , a presettlement 
savanna location. Note the open-growth form 
of the large bur oaks.
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Appendix Fig. IV. Tree #161 located at Site 
E , Plot 1. This bur oak is 72 cm dbh and more 
than 211 years old (entire core unobtainable). 
Note the open-growth branching pattern 
exhibited by this tree as would be expected in 
a savanna setting.
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